Abstract: Long-term data have been collected on nesting bald eagles (Haliaeetus leucocephalus) in three areas of southeast Alaska. The average density of active nests was among the highest recorded, but nest productivity (average number of young fledged per active nest) and success (percentage of active nests that fledged at least one young) were similar to values in other areas. Using logistic regression, nest productivity was associated with several habitat or landscape features (productivity was highest in proximity to spawning herring and at a particular location), each of which could be related to the availability of prey (fish) in the early spring (April, May) during egg laying and incubation. Consistency of nesting success was associated with the presence of tidal flats at one study site. Nest use, but not nesting success, was related to nesting success the previous year. Multiple regression showed that fewer nests per kilometre were successful in years with a high frequency of spring rains.
Introduction
Reproductive rates of breeding bald eagles (Haliaeetus leucocephalus) have been intensively studied over the past several decades. Several anthropogenic elements continue to adversely affect breeding populations, including habitat loss, disturbance of nesting activities, poaching, and environmental contaminants (Sherrod et al. 1976; Andrew and Mosher 1982; Wiemeyer et al. 1984 ; U.S. Fish and Wildlife Service 1986; Anthony and Isaacs 1989; Wood et al. 1989; Buehler et al. 1991; McGarigal et al. 1991; Bowerman 1993; Wiemeyer et al. 1993) . For bald eagles breeding in areas relatively free of anthropogenic influence and near fresh water, it has been suggested that the availability of food and ' Author to whom all correspondence should be addressed (e-mail: fswals = s.gende/ou = r lOa@mhs.attmail.com). inclement spring weather influence nest density, productivity, and success (Gerrard et al. 1975; Swenson et al. 1986; Hansen 1987; Steidl and Anthony2) .
The high density of nesting bald eagles in southeast Alaska provides an excellent opportunity to study their reproduction in a relatively pristine coastal environment. Eagles were persecuted in southeast Alaska for decades ( 19 17 -1953) , resulting in the death of over 100 000, but they have since proliferated to densities that may approach pre-Europeansettlement numbers (Robards and King 1966; King et al. 1972; Hodges et al. 1979; Hansen et al. 1986 ; Jacobson and Hodges 1993". The reduced availability of suitable nesting habitat does not directly limit the density of active nests in most locations in southeast Alaska (Hansen and Hodges 1985) . Likewise, clearcuts adjacent to nest-tree buffer zones had little detectable effect on nest productivity (average number of young per active nest), although nesting density was much diminished ). Contaminants such as organochlorine pesticide and mercury residues, which greatly decreased the nesting success in other bald eagle populations decades ago (Wiemeyer et al. 1984 (Wiemeyer et al. , 1993 , are rare in southeast Alaska (Hansen and Hodges 1985; Hansen 1987) . Because eagle reproduction is thought to reflect the effects of forest management practices in southeast Alaska , trends in reproduction have been monitored for many years.
Because of the high population density and availability of long-term data, we had the opportunity to examine the reproductive success of breeding bald eagles and identify potential factors that may contribute to its variability. Our objectives were to gain insight into the biology of breeding eagles for future management by examining long-term reproductive success in relation to habitat or landscape features and weather. Specifically, the following questions were addressed: (i) Does nest fate in one year influence nest fate or use the following year? (ii) Are any habitat or landscape features associated with nest productivity or consistency of nesting success? (iii) Does weather contribute to variation in annual reproduction?
Materials and methods

Study sites
Southeast Alaska, characterized by fjords and the numerous islands of the Alexander Archipelago, contains nearly 17 000 km of meandering shoreline dominated by old-growth Sitka spruce (Picea sitchensis) and western hemlock (Tsuga heterophylla) (Alaback 1982) . The climate is influenced by Pacific air masses that buffer extreme temperature fluctuation but typically produce 200-600 cm of annual precipitation (Alaback 1982) .
Surveys of nesting bald eagles were conducted in three coastal areas near Juneau, Alaska (Fig. 1) . The Chatham study area (surveyed 1984 -1993) , consisting of -9 1 km of mainland and nearshore islets, was located along the eastern shoreline of Chichagof and Catherine islands, approximately 90 km southwest of Juneau. The Seymour study area (1989) (1990) (1991) (1992) (1993) (1994) , made up of three large islands containing 87 krn of shoreline, was located roughly 45 krn south of Juneau in a bay (Seymour Canal) of Admiralty Island National Monument. The Juneau study area (1986, 1988 -1994) included nearly 150 km of shoreline of the mainland, islands, and nearshore islets north and south of Juneau (excluding the largely treeless urban areas unsuitable for nesting eagles). Study areas were determined according to the location of shoreline where data on long-term nesting success had been collected. All nests were located in dominant Sitka spruce or western hemlock within 100 m of shore.
Survey data
Data on reproductive success were collected by M. Jacobson during twice-annual helicopter surveys. The first survey, conducted in mid-May, determined which nests were active. Shoreline was searched for the presence of new nests and all previously mapped nests were rechecked. A nest was considered active if eggs were present or an adult was seen in an incubating posture. Occupancy rates, a standard measure elsewhere, could not be determined from simple survey data because of the high density of adult eagles and the convoluted shoreline ; P. Schempf, Office of Raptor Management, U . S . Fish and Wildlife Service, personal communication). Thus, throughout this paper, nest productivity is defined as the average number of young per active nest, and is not directly comparable to results of other studies. The possibility of error in labeling a nest active when adults were "incubating" empty nests (see Hehnke 1973; McAllister et al. 1986; Meyer et al. 1994; Anthony et al. 1994 ) is probably small (based on nest climbs and helicopter surveys during incubation) in both southeast and southcentral Alaska (P. Schempf, personal communication; . In the second survey, conducted in mid-July, all active nests were rechecked and the nestlings counted.
Reproductive success by area
For each study area, several measures of reproductive success were calculated, including the average number of young fledged per active nest (hereafter nest productivity), the average number of young fledged per successful nest, and the percentage of active nests that succeeded in fledging at least one young (hereafter nesting success). In addition, the number of active and successful nests per kilometre of shoreline provided a measure of reproductive success at the population level. Averages of each measure over all survey years were calculated. A Kruskal-Wallis test was used to test for differences between areas in the median of the annual averages for the same 5 survey years at all sites (1989) (1990) (1991) (1992) (1993) .
Nest fate and use
We also addressed the question of whether nest fate (success or failure) in one year was related to nest fate or use (used or unused) the following year. When a nest was active for 2 consecutive years, four combinations of nest fate could occur: success/success, success/ failure, failure/success, and failuretfailure. The instances when each of these combinations occurred were summed for each area. To avoid problems with independence, each nest (that was active in at least 2 consecutive years) was used only once. The first of the consecutive years was chosen randomly (for nests active for more than 2 consecutive years). Two-by-two contingency tables containing the number of nests with each combination were constructed and analyzed with or Fisher's exact tests, depending upon sample size. In a similar analysis, whether nest fate in one year was related to nest use (used/unused) the following year was tested. For this analysis, the first of the consecutive years was chosen randomly from all years when the nest was active.
Habitat or landscape features
For each nest (active at least once), an array of habitat or landscape features was chosen. Selection of features used for analysis was based on literature searches and personal observations. Nest and nest-tree features, including tree species, nest height, nest size, etc., have a minimal effect on reproductive success (Hansen 1987) and were therefore ignored.
Several features were considered at all sites: prominent points that extended away from the mainland may be favored by nesting eagles (Sherrod et al. 1976; Hodges and Robards 1982) , because eagles nesting on a point could have access to foraging areas on both sides of the point. Likewise, eagles have sometimes been found to choose small islands or islets for nest sites (Gerrard et al. 1975; Grim and Kallemeyn 1995) . In this study, small islands were classified as those that were forested, less than 0.5 km2 in area, and supported only one active nest a year; here the breeding pair would have exclusive access to the foraging areas around the entire island. Deep water close to the nest was also included, based on the many pelagic fish found in eagle stomachs during the spring and summer (Imler and Kalmbach 1955) and the observation that eagles feed on dead or dying deep-water fish (R.H. Armstrong, personal communication). Deep water was arbitrarily defined as r 300 ft (1 ft = 0.3408 m) because this depth was the deepest nearshore mark listed on topographic maps. Tidal flats were included because they are important foraging areas for many populations (Broley 1947 1975; Anthony and Issacs 1989; Watson et al. 1991; Roseneau and Bente 1993) , as the shallow water may aid in the acquisition of fish that would otherwise be unavailable (Haywood and Ohmart 1986; Brown 1993) . If tidal flats are important, then large tidal flats (e.g., those near large rivers) may offer more foraging area. Thus, a subcategory of large tidalflats was also included in the analysis. Freshwater streams (absent in the Seymour study area) have been noted to be important foraging areas for nesting eagles in other populations (see Gerrard et al. 1975; Swenson et al. 1986 ) and are therefore included here.
In addition, several features were specific to particular study sites. In the Juneau study area, nests located in a small bay in the middle of the study area (Auke Bay) were analyzed separately, based on the observation that high concentrations of adult and subadult eagles occur in this area in the spring, possibly indicating large concentrations of prey. Auke Bay includes the mainland and several islands within the bay. However, the effects of the Auke Bay mainland were separated from the effects of nesting on the islands because the high densities of fish present along the mainland are less available to pairs nesting on the islands. Finally, a harvestable stock of herring (Clupea pallasi) (2800 t on average) spawns in Seymour Canal along a portion of the study shoreline (D. Ingledue, Alaska Department of Fish and Game, unpublished data) . Eagles with nests close to these areas of herring spawning were considered to have access to this feature (see also Ofelt 1975) . Because of these sitespecific features, each study area was analyzed separately.
Determining whether or not a habitat or landscape feature is accessible to a nesting pair required subjective decisions to be made without a knowledge of discrete territorial boundaries. We could not determine territory size nor could we determine which nests were occupied by the same pair from year to year. However, during the breeding season, whether or not the active nest succeeds, breeding pairs generally stay within 750 m of the nest (Kralovec 1993 ). Thus, habitat or landscape features most utilized by the breeding pair will be near the nest. Conservatively, we used only features within 0.5 km on either side of the nest, since they were considered to be accessible to the pair occupying the nest.
Statistical analysis of habitat or landscape features
Two indices of reproductive success were calculated for each nest: (I) average productivity (total number of young fledged over the total number of years when the nest was active) and (2) consistency of nesting success (total number of years during which young were successfully fledged from the nest). Indexing reproductive success by these means reduces the problem of non-independence resulting from nest fidelity exhibited by eagles in southeast Alaska (Kralovec 1993) . For nest productivity, use of the averages also means that nests used in only 1 year are given the same weight as nests used for several years. The weighting problem is less severe than it may seem, because eagles commonly have one or two alternative nests within the territory, and most of these nests provide access to the same habitat features. Thus, over a period of several years, each nest in a territory might be used only once or twice, but the pair would use much the same habitat or landscape features. Again, nest features and reproductive success were not analyzed on a perterritory basis because the convoluted shoreline and high densities of adult eagles and nests made it impossible to determine which nests were associated with each breeding pair.
Each nest was then categorized as having "good" or "poor" nest productivity or consistency of success, based on their calculated indices. For nest productivity, good nests were those that, on average, fledged more young than the median nest productivity for all areas (one young per year), whereas poor nests were those that fledged, on average, one young or fewer. For consistent nesting success, nests were classified as good if they succeeded in fledging young in the majority of the years during which the nest was surveyed. Conversely, nests that succeeded in half or fewer of the years surveyed were considered to be poor.
We then used logistic regression to examine the association of high nest productivity or consistency of success with the presence or absence of habitat or landscape features. To avoid misleading results in the logistic regression analysis, the number of variables was minimized by running preliminary tests of association between nest productivity or consistent success and each feature (for similar methodology see Nadeau et al. 1995) . Two-by-two contingency tables (feature presencelabsence versus nest productivity or consistency of success (goodlpoor)) were analyzed by or Fisher's exact tests (depending upon sample size). Features exhibiting some degree of association ( p I 0.15) were retained for inclusion in logistic regression analysis. The relatively high p value was chosen to reduce the risk of dropping a potentially relevant variable. In addition, multiple tests increase the probability of rejecting, by chance, a true null hypothesis (Type I error), which would lead to the incorporation of more features in the subsequent analyses. An error of this type at this stage of the analysis was acceptable because we did not wish to omit a potentially important variable from the main analysis.
Stepwise logistic regression (Kleinbaum 1994) was then used to test whether or not the presence of retained features was associated with either nest productivity or consistency of success. Logistic regression was used for our analyses because of the dichotomous nature (presencelabsence, goodlbad) of the data. Wald's tests were used to test for significance. Collinearity between retained regression features was small. Second-degree interaction terms did not contribute to the predictability of nest productivity or consistency of success and were therefore ignored. To reduce the risk of ignoring a potentially important variable, a = 0.1 is used as the criterion of statistical significance in presenting the results. Ideally, then, the features identified by our analysis could be subjected to further scrutiny with new data.
Weather
The effects of weather on reproduction were addressed using methods similar to those of Swenson et al. (1986) . Several spring (March, April, May) and summer (June, July) weather indices were constructed for all survey years. These two time periods corresponded to pre-and post-mean hatching dates of eagles in the study areas (S.M. Gende, unpublished data). These two stages of the nesting cycle were analyzed separately because rates of nest failure differ during the incubation and nestling phases Steidl and Anthony 1995, see footnote 2) . The observed amount of rain or the maximum temperature on a given day was indexed by comparison with the 40-year mean for that day. The number of standard deviations from the 40-year mean served as the weather severity index for that day (Picton 1979) . Daily indices were summed for each month to give the weather index. Negative values were assigned to the rain index, so if reproductive success was associated with weather, more rain corresponded to a negative relationship. In addition, the frequency of spring and summer rain was assessed by summing the number of days in each month on which precipitation occurred. Only data from the Juneau weather station were used because it was the only station in the general vicinity of all study sites that had continuous records for the time period covered by the nesting surveys.
Statistical analysis of weather features
Reproductive success was pooled for all three areas for this analysis, based on the assumption that the weather was similar over large geographic areas. Inclusion of all areas in analyses also increased the number of data points to 24 (the sum of the numbers of years the areas were surveyed: 8 for Juneau, 10 for Chatham, 6 for Seymour). However, to include all areas in the same analysis, it was O 1997 NRC Canada Can. J. Zool. Downloaded from www.nrcresearchpress.com by University of Alberta on 06/24/11
For personal use only. Note: Contingency tables were constructed to test if (i) nest fate in one year was independent of nest use the following year, and (ii) nest fate in one year was independent of nest fate the following year.
necessary to control for differences among areas in the median values of the measures of reproductive success. The densities of active and successful nests were significantly higher near Juneau than in at least one of the other sites (Table l) , so data from the Juneau study area were scaled to the other areas before incorporation into the data set containing all areas. The average amount by which the median density of active and successful nests in the Juneau study area exceeded values for the Chatham and Seymour study areas was subtracted from the median nest densities for Juneau.
Reproduction was then analyzed in relation to individual weather indices (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) by means of parametric regression (Swenson et al. 1986 ). A correlation matrix was also constructed to look for weather indices that were significantly correlated with one another. Indices exhibiting some influence (and their correlates) were then analyzed using both forward selection and stepwise regression in an attempt to separate the effects of each. Stepwise regression proceeds in a manner that combines backward elimination and forward selection to add or remove indices as they meet the significance level (SAS Institute Inc. 1995, p. 5 1).
Results
Reproductive success
In the Chatham study area, a total of 123 nests were active at least once between 1984 and 1993: 39 (32%) were active only once, 25 (20%) were active twice, 21 (17%) were active for 3 years, 20 (16%) were active for 4 years, and 18 (15%) were active for the majority of the survey years (5 or more). In the Seymour study area, 77 nests were active at least once between 1989 and 1994: 33 (43%) were active once, 21 (27%) were active twice, and 23 (30%) were active for at least 3 years. In the Juneau study area, 224 nests were active for at least 1 year during the period 1986 and 1988 -1994: 68 (30%) were active for 1 year, 45 (20%) were active for 2 years, 33 (15 %) were active for 3 years, and 78 (35 %) were active for 4 or more years.
Over all study areas, nest productivity averaged 0.98 f 0.02 and the average number of young fledged per successful nest was 1.49 f 0.02. Nesting success averaged 66%, the density of active nests was 0.37 + 0.04Jkm (mean f SE), and the density of successful nests was 0.27 + 0.04Jkm. Comparisons between areas for the 5 overlapping survey years (1 989 -1993) showed no difference in the median values of nest productivity, average number of young fledged per successful nest, or nesting success (Table I) . However, the density of active nests was significantly higher in the Juneau and Chatham study areas and the density of successful nests was significantly higher near Juneau (Table 1) .
Nest fate and use
At two of three sites, nest use was dependent on nest fate the previous year (Table 2 ). The biggest contributor to the X2 value for all three sites was the low frequency of failed nests that were reused the following year, although the Seymour X2 value was not significant. There was also a contribution by the high frequency of successful nests that were reused in the Juneau and Chatham areas. Nest fate in one year did not affect nest fate the following year (Table 2) . For personal use only. Note: The total number of nests used in 2 x 2 contingency tables was 123 for Chatham, 77 for Seymour, and 224 for Juneau; the choice of tests depended upon sample size; n is the number of nests associated with each variable.
Habitat or landscape features
"Feature retained for inclusion in stepwise logistic regression analysis. Note: The total number of consistently successful nests was 5 for Chatham, 10 for Seymour, and 44 for Juneau; the choice of tests depended upon sample size; n is the number of nests that were associated with each variable.
"Feature retained for inclusion in stepwise logistic regression analysis. (ii) consistent success: nests associated with prominent points, large tide flats, Auke Bay, and the Auke Bay mainland.
imity to a herring spawn (Seymour), and nests located in Features enhancing the predictability of nest productivity Auke Bay and along the Auke Bay mainland near Juneau or consistency of success varied among study areas, as iden- (Table 3 ). For consistency of nesting success, prominent tified by incorporating remaining habitat or landscape variapoints was the only feature retained for the Seymour study bles into stepwise logistic regression (Table 5) . Nests located area, while the preliminary analysis for the Juneau study area along a shoreline near a herring spawn had higher nest retained tidal flats, large tidal flats, and nests associated with productivity than others in the Seymour study area (mean = Auke Bay and the Auke Bay mainland (Table 4 ).
1.11 vs. 0.87 young/active nest). In the Juneau study area,
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nests located along the mainland in Auke Bay had a significantly higher productivity than all other nests (mean = 1.24 vs. 0.88 youngtactive nest). In addition, consistently successful nests were associated with tidal flats in the Juneau study area (Table 5 ). All other features were dropped from the regressions ( p > 0.1).
Weather
Of the five measures of reproductive success, only one relationship became apparent when analyzed in relation to weather indices: the density of successful nests exhibited a negative association with the number of rain days in the spring (n = 24, F = 7.499, df = 23, r2 = 0.25, p = 0.01). However, the number of spring rain days was significantly correlated with the summer rain index and the total number of rain days in summer. Thus, these three indices were analyzed together to see which predictor was associated with the density of successful nests. Forward selection and stepwise regression produced the same results: only the total number of rain days in the spring was retained in the regression models (criteria set a t p < 0.1, r2 = 0.13, F = 3.274, p = 0.08). To determine if a particular spring month (March, April, May, or any combination of 2 months) was responsible for this association, the number of rain days in each month was analyzed in relation to the density of successful nests. In single-factor analysis and multiple regression, only the number of April -May rain days exhibited an association with the density of successful nests (n = 24, r2 = 0.18, F = 4.799, p = 0.04). These results were the same for the separate study areas, with several exceptions in the Juneau study area: the density of active nests was associated with the frequency of spring rain over 3 months (instead of 2), March -April -May, in simple regression (n = 8, F = 5.41, r2 = 0.44, p = 0.06) and in multiple regression (correlates included summer temperature index and frequency of rain, n = 8, F = 4.8, r2 = 0.44, p = 0.07).
Discussion
In average nest productivity and nesting success, bald eagles in southeast Alaska were comparable to other populations of bald eagles, including several others in Alaska (reviewed in Stalmaster 1987; Steidl and Anthony 1995, see footnote 2). However, the average density of active nests (0.37tkm of shoreline) was equal to or higher than in other areas in Alaska and coastal British Columbia. For studies in other areas of Alaska, average active nest densities ranged from 0.37 to 0.1 ltkm (Robards and King 1966; Corr 1974; Sherrod et al. 1976) . In coastal British Columbia, where some areas were probably affected by logging activities, the density of active nests averaged around 0.09tkm Vermeer and Morgan 1989) .
The density of active and successful nests was significantly higher at the Juneau site than in Chatham or Seymour. Nest-site availability is not thought to be limiting in the southeast (Hansen and Hodges 1985) , thus the density of active or successful nests may be attributed to the presence of other factors such as greater food availability. There are many examples of breeding density increasing with food availability for other raptors (Korpimaki 1992; Watson et al. 1992 ; but see Simmons 1993 ) and other birds (e.g., Caterall et al. 1982) , Food abundance was the most important factor contributing to the variability of bald eagle density in Saskatchewan (Dzus and Gerrard 1993) .
Nests that were successful in one year were more likely to be used the following year, while unsuccessful nests were less likely to be reused. In the Gulkana River basin also, successful nests were more likely to be reused the following year than those that were unsuccessful (Steidl and Anthony 1995, see footnote 2). However, nest fate in one year did not seem to influence fate the following year, perhaps as a result of the annual variability in nest success exhibited by eagles at all study sites.
There is circumstantial evidence that features associated with high nest productivity were characterized by high levels of food resources in the spring (during egg laying and incubation) in two of the three study areas. In the Seymour study area, nests located in close proximity to areas used by spawning herring had higher nest productivity. In Seymour Canal, herring overwinter in deep water but congregate at the surface beginning in mid-April and spawn along intertidal vegetation soon thereafter (D. Ingledue, Alaska Department of Fish and Game, unpublished data) . At this time, eagles feed extensively on the schooling herring (D. Ingledue, personal communication), which occur for up to 3 weeks at densities reaching 570 tons of spawning adults per nautical mile of spawn along the coast (D. Ingledue, Alaska Department of Fish and Game, unpublished data) . After spawning ceases, herring generally return to deep-water summer feeding grounds (Carlson 1980) , becoming less available to breeding eagles. Thus, an abundant and easily acquired food resource, available only during the prelaying and incubation periods, may have had an important influence on nest productivity of breeding eagles.
Auke Bay mainland nests had higher productivity in the Juneau study area. This feature appears to be distinguished by a consistent abundance of fish in the spring. After migrating from fresh to salt water, salmonid smolts (Oncorhynchus spp.), adult Dolly Varden char (Salvelinus malma), and cutthroat trout (Oncorhynchus clarki) use nearshore areas along the mainland as a traveltfeeding corridor in April and May (K. Carpenter, U . S. Forest Service, personal communication). Herring have also been observed spawning along the mainland shore in the spring (April-May; S. Gende, personal observation). The frequency of partly eaten carcasses of herring and Dolly Varden was much higher in Auke Bay mainland nests than elsewhere in the Juneau study area (S. Gende, personal observation). A high density of subadult eagles has been observed along the Auke Bay mainland in the spring, and adult eagles (probably nonbreeding) have been documented to travel 64 km from other areas of the southeast to feed along the Auke Bay mainland in the spring (P. Schempf, U.S. Fish and Wildlife Service, unpublished telemetry data). The high density of eagles along the Auke Bay mainland compared with other portions of the study area suggests that prey availability is much higher along the mainland than elsewhere, as the density of eagles is often strongly correlated with the density of prey (Hansen et al. 1984; Whitfield and Gerrard 1985; Hunt et al. 1992; Dzus and Gerrard 1993 Habitat or landscape features associated with enhanced nest productivity are related to potential food availability, particularly in the early spring (April -May), in southeast Alaska. Similarly, a stable food source in the spring appeared to be the most important factor in breeding-area selection, nesting success, and breeding chronology in other areas (Gerrard et al. 1975; Swenson et al. 1986; Grim and Kallemeyn 1995; Steidl and Anthony 1995 , see footnote 2). The spring food supply for other raptors affects many components of reproductive success (e.g., Korpimaki and Sulkava 1987; Hornfeldt et al. 1990; Kostrzewa and Kostrzewa 199 1 ; Korpimaki 1992) .
Several additional lines of evidence support the idea that the incubation period is more critical than the nestling period for bald eagle reproductive success. The overwhelming majority of nesting failures occurred during incubation for eagles nesting along both freshwater (Steidl and Anthony 1995, see footnote 2) and salt-water shores in Alaska. Furthermore, food availability during incubation has been suggested to contribute to annual variation in nest success in the Gulkana River basin (Steidl and Anthony 1995, see footnote 2). Hungry parents may be poor incubators (Gerrard and Bortolotti 1988, p. 77) , and availability of food near the nest in the spring may determine their ability to incubate successfully.
Nests that were consistently successful were located near tidal flats, but only in the Juneau study area. This may also be related to enhanced foraging opportunities. The presence of tidal flats in the Columbia River estuary influenced bald eagle foraging success, and the more successful foragers had more time to spend in nesting activities (Watson et al. 1991) . In southern southeast Alaska, nesting eagles were observed to forage in tide pools when these were present near their nests (Ofelt 1975) . In our analysis of nest productivity, nests near tidal flats were not significantly more productive than nests without this feature, but the trend (higher productivity of nests associated with tidal flats) was the same for each study area (for Juneau 1.20 vs. 1.01, for Chatham 0.93 vs. 0.84, and for Seymour 0.96 vs. 0.93 younglactive nest).
Weather conditions in the spring are also important to nesting eagles, as seen in the negative relationship between the density of successful nests and frequency of spring rain. Harsh spring weather plays an important role in nesting success and productivity of bald eagles in other areas (Swenson et al. 1986; Grim and Kallemeyn 1995; Steidl and Anthony 1995 , see footnote 2), but these reports were for eagles breeding along freshwater shores where cold weather affected ice-out dates and thereby drastically altered foraging conditions. These specific conditions do not apply in this study, as nests are located along salt-water shores that are ice-free in the spring.
The lower density of successful nests could have resulted, in part, from altered foraging conditions. Although decreased fish density will affect eagles (surface plungers) more than reduced transparency (Eriksson 1985) , rain may affect fishing success by altering visibility (Grubb 1977) or behavior of prey (Stinson 1980) . In addition, weather has been found to affect incubation behavior of other birds (e.g., Jarvinen and Vaisanen 1984) , and eagles generally respond to harsh weather with longer bouts of incubation (Gerrard et al. 1979; Cain 1985 ; Steidl and Anthony 1995, see footnote 2). Unusually severe spring weather may override the influence of spring food availability and determine nesting success in some cases (Kostrzewa and Kostrzewa 1991) . However, in most years the effects of a wet spring probably act synergistically (but secondarily) with spring food availability in determining nesting success (Newton 1979, pp. 137 -138; Swenson et al. 1986; Steidl and Anthony 1995, see footnote 2) . A strong association between the density of successful nests and the frequency of rain in April and May across and within study areas suggests that these months are critical to nesting eagles.
Other factors may also influence reproduction of eagles in the southeast. Our data were limited to environmental factors that may affect reproductive success (e.g . , Krebs 197 1 ; Korpimaki 1988; Catchpole and Phillips 1992; Ens et al. 1992 ) and we could not address differences associated with individual quality, such as time of breeding, age, experience, or duration of the pair bond, which have been shown to affect reproduction of other birds (e.g., Perrins 1970; Studd and Robertson 1989; Newton and Marquiss 1991) . However, in many instances the two are interrelated, i.e., the highest quality individuals often occupy the highest quality territories (e.g., Catterall et al. 1982; Hill 1988; Korpimaki 1988; Petit and Petit 1996) . Saturated nesting habitat in the southeast (Hansen and Hodges 1985) increases the possibility that higher quality individuals may occupy higher quality habitats, leaving suboptimal individuals (e.g., inexperienced breeders) to nest in marginal-quality territories, or to forgo breeding (Hansen 1987) .
